Based on the Bell theorem and the resulting interpretation of the violation of Bell inequalities by experimental data, it has been believed that a theoretical computation of Bell correlations requires explicit use of the entanglement formalism. Physically this implies a permanent superposition of light waves in spite of the physical separation that occurs in the course of their propagation to spatially separated detectors. Nevertheless, in the present model, Bell correlations are calculated using explicitly separated waves with photon occurrence probabilities given by wave intensities based on nonlinear optics and quantum electrodynamics. The non-locality implied in the conventional calculation is thereby eliminated, but interference effects between photon excited waves and vacuum waves are assumed, as specified to be necessary in the design of Bell-experiment sources.
Introduction
The Bell theorem and violation of Bell's inequalities by experimentally acquired data sets have been believed to make the derivation of Bell correlations impossible without the existence of perpetual entanglement based non-locality. However, it is shown in [1] that the mere existence of three or four data sets, whether their origin is in experimental observation or counterfactual prediction, implies cross correlations that identically satisfy the corresponding Bell inequality. Predicted quantum mechanical correlations, i.e., based on counterfactuals, satisfy the Bell inequality when conditional probabilities due to noncommutation of measurements beyond one per particle are used to compute the correlations [2] . Violation of the Bell inequality cannot then be used to generate the usual deductions. Of course, nullifying the Bell theorem does not automatically imply that its converse is true: that a local accounting for Bell correlations is possible. That is the task of the present paper.
A belief based on the Bell theorem is that light waves once entangled must remain entangled forever in order to produce co-sinusoidal Bell correlations. However, since superimposed wave pairs originating in spontaneous-parametric-down-conversion (SPDC) crystals become physically separated by experimental design, one is motivated to consider the calculation of Bell correlations among photons attached to physically separated wave pairs that are no longer superimposed and thus physically disentangled.
The current paper will show that photons associated with waves originating under SPDC boundary conditions and physically superimposed at photon creation, still exhibit Bell correlations after physical separation upon leaving the SPDC crystal. The correlations are computed from probabilities based on boundary conditions of nonlinear optics and SPDC, together with wave interference. Some of the waves contain photons, while others that accompany them and are superimposed with them are photon-empty as a consequence of experimental design [2, 3] . This appears to be consistent with both quantum electro-dynamics (QED), and possible interpretations of optical interferometry experiments, e.g. the "Smoky Dragon" [4] experiment.
In Sec. 2 below, the correlation of counts is computed from probabilities based on squared absolute values of appropriate wave amplitudes, as in conventional quantum mechanics (QM). Two pairs of orthogonally polarized waves (see Figure 1) , one photon attached to each pair, are emitted by an SPDC source with an added path equalization component (see source design in [2, 3] ). Interference between polarization components of a photon-containing wave and an accompanying photon-empty wave occurs in coordinate systems rotated with respect to the original SPDC source system.
In the model below. the phases of waves are assumed to be statistically independent of their amplitudes with random phase differences between them and also subsequent waves. That is consistent with phase matching conditions that constrain phase sums, but not phase differences that may lead to interference. No mechanism is specified for the association of photon counts with waves other than quantum theory and interpretation of experiments. It is assumed in the model that both waves and photons exist simultaneously, consistently with QED [5] and experiment. A common alternative interpretation assumes that the nature of light changes between particle and wave determined by physical surroundings. That interpretation is not used herein.
The formalism of this paper begins in a way that is parallel to that used in [6] .
However, the physical and probability models evolve differently.
Wave Description Based on Bell Type II Down-Converter Outputs
Based on the geometry of type II SPDC sources for Bell correlation experiments [2, 3] , two amplitudes  U 1 and  U 2 are introduced representing Beams 1 and 2 of the Figure.
These are complex vector amplitudes that result from super-positions of complex orthogonal vector components u iH , u iV , i =1,2 . Thus, Each emitted photon pair has either polarizations 1H-2V or 1V-2H occurring with probability one half where the numerals indicate the beam into which the photon is deposited. The laser pump intensity is adjusted so that two such events, i.e., four photons, rarely occur simultaneously.
Four QED-ground-state waves to which two photons per emission event become attached are assumed to be initially present in the crystal. The SPDC crystals are configured to produce wave-pair components 1H1V and 2H2V that become Beams 1 and 2, and propagate in different directions to the separate polarization analyzer-detectors on sides A and B of Bell experiments. In the source crystal, phase matching occurs for both directions 1 and 2 enabled by crystal symmetry [2, 3] . A second crystal, rotated 90 0 with respect to the first, results in all the beams having traversed equal optical paths after exiting the assembly.
Due to the experimental design described, the polarization beam splitters on sides A and B of a Bell experiment will be illuminated by beams having random polarizations.
The polarization components in the transmit-reflect directions will be linear combinations of the components in the orthogonal pairs 1H1V and 2H2V described above. 
The intensities for the analyzer output components n and p for each of the inputs  U 1 and  U 2 are given by
The intensities are given by the modulus squared of the wave amplitudes, and using the standard QM convention these intensities are taken to specify photon probabilities of occurrence in the respective beams. Inserting (2.4) into (2.5), yields analyzer 1 outputs
and
where θ 1H and θ 1V are the phases of the complex amplitudes, u 1H and u 1V , respectively.
The original source intensities at θ 1 = 0 are then
For analyzer 2 one obtains 
Equations (2.6-2.9) may be further interpreted according to the physical model used.
From the down-converter nonlinear optics, two photons occur with (equal) probability =1/2 in each of wave-pairs 1H2V and 1V2H. Thus, from Eq. (2.6), the probability of a photon occurring at output 1n is the linear combination of probabilities that the photon was emitted with polarization 1H or 1V plus an interference term between the two wave amplitudes to which photons are probabilistically attached. The other equations may be similarly interpreted.
The equations may be simplified by using specifications of nonlinear optics [7] in SPDC:
where the Δ 's are additional phase shifts implemented by a wave plate used in experiments [2, 3] . The difference of phases in the two beams is then
The condition Δ 2 H − Δ 2V = π , is used so that
When (2.14) is used in (2.6-2.9), one obtains
Since intensity is ultimately measured by photon occurrences, the beam intensities corresponding to single photons are assumed to be the same: I 1H = I 2V or I 1V = I 2H . The beams without photon occurrences will also be assumed to have equal intensities but intensities that are different from the former. In the following, beams with single photons will be assumed to have intensity 1, and those without photons to have intensity ½ , consistent with QED prescriptions.
In (2.15a), this is combined with characteristics of SPDC so that if I 1H =1 , I 1v =1/2 and if I 1H =1/2, I 1V =1 , each event pair occurring with probability = ½. The first term will contribute a photon to I 1n with probability cos 2 θ 1 while the second term will contribute no photons since it has magnitude ½. The last term is an interference term between the two waves, and is assumed to change amplitude from event to event due to the random phase
The photon count variable I 1n thus arises from a linear combination of probabilities of counts and no counts, with the interference of the two amplitudes giving rise to the probabilities. Such interference has been described as necessary to obtain Bell correlations and was discovered as a result of several years of effort [2] .
The last term is analogous to an interpretation of the situation in an interferometer where the final output depends on the interference of a wave containing a photon with one that does not. While this may seem to be an exotic interpretation of the formalism, it is consistent with the "smoky dragon" experiment where photons are observed to go one way or the other at the first beam splitter of a Mach-Zehnder interferometer but experience interference from a photon empty wave at the output.
The same interpretation will be used for each of equations (2.15a-d). Using the photon probability variables (2.15a-d), one may compute the joint intensity correlations,
i.e., count correlation, of each product such as I 1n I 2p . Since θ 1H −θ 1V =θ is assumed to vary randomly over 2π from event to event, cos(θ 1H −θ 1V ) averages to zero unless it is squared in the product of terms. Thus: The evaluation of (2.16) will be shown in detail to illustrate the use of the information given above originating in SPDC generation of photon pairs: 
(2.17)
The square brackets correspond to the two events, each with probability ½,
, respectively. The only terms that imply the possibility of one photon contributed to each of I 1n and I 2p are those having a product of two 1's in their coefficients. These terms are the second term in the first square bracket, the third term in the second square bracket and the two interference terms involving square roots, one from each bracket. The contributions from these terms add to
From similar analysis, one computes the other correlations:
By attaching minus signs to the 1p2n and 1n2p averages one obtains the same result as computed from entanglement,
the Bell correlation.
Discussion and Conclusion
A number of authors have found reason to question the Bell theorem [8] . The theorem is purported to be a proof that no local hidden variable model of the Bell correlation can be constructed. The fact that the Bell inequality must be identically satisfied by any data sets that exist either experimentally or by counterfactual prediction, invalidates the theorem since it follows that quantum mechanical data, once obtained and cross- 
